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In the preceding paper  (1)  the results are reported of an investi- 
gation of the power of the serum of highly immunized horses to inhibit 
the growth rate of pneumococci.  In that investigation, in which the 
so called single cell method of cultivating organisms was employed, it 
was  impossible  to  demonstrate any growth-inhibiting action of the 
serum.  This was true even when the serum  was placed in the peri- 
toneal cavity of the mouse  and under  conditions  in which  its  full 
protective  action  was  being  manifested.  Nevertheless,  it  seemed 
important to  exclude the possibility that while no inhibiting action 
by serum can be demonstrated, the whole blood when freshly drawn 
from the actively immunized animal may have an effect of this kind. 
It seemed possible that the so called antiblastic immunity might play 
a part in active immunity, although the serum of the actively immu- 
nized  animals might exert its  effect in producing passive immunity 
in an entirely different manner.  Consequently, a series of experiments 
was undertaken to determine whether or not blood or plasma fresh 
from the immune horse had any effect on the growth rate of pneumo- 
coccus.  The  same  single  cell  method  of  study  employed  in  the 
previous investigation was used in this work. 
A  virulent  strain  of Pneumococcus Type II  was  used in  all  the 
tests,  and  the  blood  was  furnished by  a  horse  which had  received 
many injections of the same strain and of various atypical Type II 
strains  as well.  The degree of immunity was  such  that  0.2  cc.  of 
serum protected mice against 10,000 lethal doses of the Type II strain 
employed in  these experiments. 
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Tests with Whole Fresh Blood and Fresh Serum Diluted in Broth. 
In the first series of experiments broth dilutions of whole blood and 
fresh serum were compared with fresh normal horse serum controls. 
Both hanging drop  and  test-tube  series  were  done, the  latter  with 
sowings of chains of  one  to three  pairs  into  quantities  of medium 
varying from 4 to 10 cc.  The whole blood was diluted 1:11  and the 
serum  1: 5.  In all the tests growth occurred in the dilutions of the 
immune blood  as well as in the controls.  The growth rate, as shown 
by growth in hanging drops, was practically the same in  the immune 
blood and serum as in the controls. 
Tests with Whole Citrated Blood. 
The citrated blood was used on the day of collection, with normal 
horse serum as a  control, both undiluted.  The normal horse serum 
had been kept some months in the ice chest.  The results  after  2 
hours incubation are given in Table I. 
TABLE  I. 
Growth in Hanging Drops of Whole, Undiluted Citrated Blood of an Actively 
Immunized Horse Compared with That in Hanging Drops of 
Undiluted Normal Horse Serum. 
Pneumococcus Type II. 
Drop No. 
Immune citrated blood. 
Sowing, 
Pairs. 
2 small. 
2  ". 
1  medium  sized. 
2  "  " 
No.  of  I 
generations  i  Drop No. 
formed 
after 2 hrs. 
4 
4 
4+ 
4+ 
Normal  horse  serum. 
Sowing. 
Pai~. 
i  medium sized. 
2 small. 
i large. 
1 medium sized. 
1 large. 
No. of 
generations 
formed 
after 2 hrs. 
3+ 
3+ 
4- 
4- 
4 
There was therefore no evidence in these experiments that the whole 
fresh citrated blood from the immunized horse caused any delay in 
the growth rate  of homologous pneumococci.  Further experiments 
were made with fresh citrated blood in test-tubes, diluted and undi- 
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It was then determined to test the effect of whole undiluted blood 
transferred directly from the ear of the horse to sowings of one and 
two pairs of pneumococci previously isolated on the cover-glass, the 
method previously described  being  followed.  Fresh  normal  horse 
blood was used  as a  control.  After 3  hours incubation the greatest 
amount of growth in any droplet was two generations, and few showed 
that much.  The amount of growth in  the blood of the immunized 
horse and in the control was about the same. 
Many  hanging  drop  experiments were  also  done  with  the  fresh 
undiluted coagulated plasma of both  the normal and the immunized 
horse.  In obtaining plasma for these experiments, blood contained 
in centrifuge tubes was placed on ice immediately after draining from 
the animal.  The uncoagulated blood was centrifuged free from cells 
and kept cold until ready for use.  The plasma coagulated soon after 
exposure to higher temperatures, but remained fluid long enough to 
allow mixing with organisms previously isolated in test-tubes or on 
the cover-glass.  In every case without exception growth either failed 
or was limited to one generation after 2½ hours of incubation.  There 
was rarely, if ever, any trace of bacteriolysis, however, and the organ- 
isms sown could usually be found after incubation.  Broth controls 
of the seeding material grew well.  The effect of coagulated plasma 
was also'tested by mixing it in amounts of 2 cc. in the bottom of test- 
tubes with minute droplets of broth containing six to  eight pairs of 
pneumococci.  Growth  almost  always  occurred  both  in  the  tubes 
containing plasma from the immunized horse and in those containing 
plasma  from  the  normal  horse.  There  was  some  evidence  that 
growth under these conditions tends to lag, however, but this effect 
was observed both in the plasma of the immune and in that of the 
normal horses.  Similar experiments were done with the fresh undi- 
luted serum of the same normal and immune horses.  Here too it was 
found that in hanging drops a marked prolongation of generation time 
occurred which was evident both in the normal and in the immune 
serum. 
These experiments indicate  that  under  the  conditions  described 
whole fresh horse blood and coagulated plasma, and also serum, are 
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indicate, however,  that  this  fact is  at  all related to  the phenomena 
of immunity, since it is exhibited in both immune and normal horse 
blood. 
Natural Immunity. 
While the previous experiments have not afforded any evidence that 
inhibition  of growth  of pneumococci by serum  or body fluids plays 
any part in acquired immunity, it is possible that natural immunity 
against pneumococcus infection may depend to some extent upon this 
property of the serum.  The inhibiting effect of whole  horse  blood 
upon  the  growth  of  pneumococci might  give  some  support  to  this 
view.  The  relative  susceptibility  of  the  horse  to  pneumococcus 
infection is not accurately known, but it is not generally considered 
to be very high  as  compared with  that  of the mouse  or rabbit,  for 
instance.  Certain  experiments previously performed  (1),  while  not 
planned  with  this  point  in  mind,  give  strong  evidence  that  whole 
rabbit  blood,  unlike  horse blood,  does not have  an inhibiting  effect 
upon the growth of pneumococci. 
Heist, Solis-Cohen, and Solis-Cohen (2) have reported that by a special method 
which they have devised, they have demonstrated a bactericidal action in the blood 
of chickens and pigeons, animals which are known to be highly immune .to pneumo- 
coccus infection.  Strouse (3), who studied the question of natural immunity of 
the pigeon, was unable to demonstrate any bactericidal action of pigeon serum 
and presented evidence to show that this immunity was due to the normal high 
temperature of the pigeon  which  was  inimical to the growth of pneumococci. 
Kyes (4) also found no evidence of pneumococcidal action of pigeon serum in 
~tro. 
Heist, Solis-Cohen, and Solis-Cohen studied fresh whole pigeon blood.  They 
used small glass pipettes, and sowings consisted of the small numbers of bacteria 
which adhered to the walls after the pipettes had been filled and emptied from 
broth cultures of pneumococci.  The fresh blood is then brought directly into 
contact with these bacteria by sucking  the blood into the tube.  The tubes are 
sealed off, incubated, and the contents later blown on glass slides and stained.  It 
is stated that by this method, with not only the undiluted broth  cultures,  but 
dilutions  of the  broth  cultures  as  well  for seeding, it is possible  to  ascertain 
whether bactericidal action has occurred and to what degree.  They state  that 
with this method they have demonstrated that pneumococci  fail to multiply in 
pigeon blood.  Chicken blood is also bactericidal but less so than pigeon blood, 
while normal rabbit blood and mouse blood have no such action.  Immune rabbit ~.  A.  BAI~EI~  593 
blood, however, has been shown in this way to have a specific bactericidal action, 
and they state that  they have also demonstrated  this  action  in  the blood of 
recovered patients. 
The method employed by these writers is, in our opinion,  open to 
certain objections, and it seemed important to investigate this matter 
further, since it has a direct bearing on our problem. 
In our experiments the hanging  drop  method with  small  sowings 
was employed.  A minimum of broth was used in the isolation of the 
organisms, in some instances scarcely more than that of the volume of 
several erythrocytes.  A  record kept of the relative amount of broth 
employed showed  that  there  was apparently  no  greater  amount  of 
TABLE  II. 
Growth i~ Hanging Drops of Fresh Citrated Pigeon Blood Compared with That in 
Hanging Drops of Rabbit Blood. 
Pneumococcus Type I. 
Rabbit blood.  Pigeon blood. 
Sowing.  No. of genera-  Sowing.  No. of genera- 
Drop No.  Pairs.  tions formed.  Drop No.  Pairs.  tions formed. 
1 
2 
3 
4 
5 
lla~e. 
1  a 
1  " 
1  " 
3+ 
3+ 
3-" 
3 
3+ 
lla~e. 
1  " 
1  " 
2 
2-- 
2-- 
2-- 
growth in the drops which were intentionally  given a  slightly larger 
amount of broth.  After the isolations had  been  made,  a  relatively 
large drop of blood was added to each seeding in such a way that the 
blood was caused to engulf the minute droplet containing fhe isolated 
bacteria.  By this method the behavior of an exactly known sowing 
could  be  followed  under  conditions  in  which  any  humoral  factor 
might act, but in which there was a minimal chance of any phagocy- 
tosis occurring  without being observed. 
In two series of experiments fresh citrated undiluted pigeon blood 
was used.  A protocol is given in Table II.  A Type I pneumococcus 
culture,  apparently  somewhat past  the maximum  height  of growth, 
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occurred in all the droplets in both samples with a  tendency to lag 
in both.  The growth in the pigeon blood was about one generation 
behind that in the rabbit blood.  The cocci tended to form chains in 
the pigeon blood and discrete elements in  the rabbit blood. 
A second experiment with virulent Type II culture gave essentially 
the same results. 
In  another  experiment  non-citrated  blood  taken  from  another 
pigeon  was  used.  The  organisms were isolated  in  a  minimum of 
broth  as  before.  Fresh  non-citrated  rabbit  blood  was  used  as  a 
control.  The animals werebrought to the microscope and the blood 
was transferred by means of a capillary pipette to the droplets before 
coagulation had occurred.  In one series the droplets were incubated 
for 5 hours in order to ascertain whether growth in the blood would 
continue beyond the first three or four generations.  Actively dividing 
Type I  cells taken from a  broth culture were used for the sowings, 
which consisted of one pair or of a chain of two very small pairs per 
droplet.  Of five droplets of rabbit blood all showed growth and gave 
approximately  nine  generations  each.  Of  five  droplets  of  pigeon 
blood, four showed growth, with approximately seven, six, two, and 
six  generations respectively,  a  lagging of two  to  seven generations 
behind the growth in  rabbit blood.  The  cocci in  the rabbit  blood 
tended to form groups of discrete elements, while those in the pigeon 
blood were mostly in chains. 
Other experiments were made with the non-citrated fresh pigeon 
blood,  and in  these practically no difference appeared between the 
growth in  rabbit  and pigeon blood.  A  protocol of one of these is 
given in Table  III.  Sowings were taken from an actively dividing 
Type I  culture, the same strain that was used in the previous experi- 
ments, and the time of incubation of the droplets was 2½ hours. 
Here the amount of growth was essentially the same in both blood 
samples, and in most droplets multiplication went on at the normal 
rate.  In  the pigeon  blood  there was  a  greater  tendency to  chain 
formation,  and in  the  two  droplets in  which growth was  deficient 
there was some evidence of phagocytosis. 
In summarizing these experiments we may say that growth occurred 
about as often in the pigeon as in the rabbit blood, and the rate of 
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us, therefore, we were unable to demonstrate that pigeon blood has any 
bactericidal action or inhibiting effect on the growth of pneumococci. 
It is possible that  the  differences between our  results  and  those  of 
Heist, Solis-Cohen, and Soils-Cohen are due to the differences in the 
conditions  of the  experiment.  However this  may be,  we  have,  by 
the  technique  employed, been unable  to show any  relation  between 
natural immunity in the pigeon and inhibition  of growth of pneumo- 
cocci by the whole blood. 
TABLE  IlL 
Growth in Hanging Drops of Non-Citrated Pigeon Blood Compared with That in 
Hanging Drops of Rabbit Blood. 
Pneumococcus Type I. 
Drop No. 
Rabbit blood. 
Sowing. 
Pairs. 
½ 
½ 
½ 
1 small. 
½ 
½ 
No. of genera- 
tions formed. 
5 
5 
0 
5-" 
4+ 
4+  or 5 
Drop No. 
1 
2 
3 
4 
5 
6 
7 
Pigeon blood. 
Sowing. 
Pairs. 
½ 
1½ 
½ 
1 large. 
½ 
i  small. 
1  u 
No. of genera- 
tions formed. 
4+ or 5 
2-" 
5 
5 
5 
5 
3 or 4 
SUMMARY  AND  CONCLUSIONS. 
The paper gives the results of a  series of experiments made with a 
special technique for the purpose of testing whether or not so cdlled 
antiblastic phenomena  or bactericidal phenomena  play  any part  in 
immunity to pneumococcus.  The technique employed is that devised 
by the writer and consists in the isolation of single bacteria and their 
growth in hanging drops where growth can be continuously observed. 
From  these  experiments  it may be concluded  that:  (1)  Whole  fresh 
blood,  coagulated  plasma,  or  serum  of  the  immunized  horse  added 
directly  to  pneumococci,  has  considerable  inhibiting  action  on  the 
growth  of  pneumococci.  The  inhibiting  effect  of  the  fresh  blood, 
coagulated plasma, or serum of a normal  horse, however, is as marked 
as that of a horse highly immunized to pneumococci of the same type. 596  IMMUiNITY TO PIN~EUMOCOCCUS 
This property, therefore, does not seem to be of importance in acquired 
immunity  in  the  horse.  No  such  property has  been  demonstrated 
in whole fresh rabbit blood.  (2) It has been impossible to demonstrate 
that  antiblastic  phenomena  play  any  part  in  natural  immunity  to 
pneumococcus,  at  least  as  far  as  the  immunity  of  the  pigeon  is 
concerned.  The  whole  fresh  blood  of  the  pigeon  under  the  con- 
ditions  employed exhibits no inhibiting  action on the growth rate of 
pneumococci. 
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